Today
e HW 3 due April 1
e Project due April 15
e Inthe News: more on Vitamin D
e nonparametric and semi-parametric regression
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Recap: Regression splines

e regression splines are ‘hand-crafted’: bs (x, df = ?)

once crafted, model is parametric

E

°y = x, +e€ = Z x, + € df =M

degrees of freedom controls how many knots are placed
equivalent to how many parameters are fit

ELM, §11.2 constructs linear splines ‘by hand’  Figure 11.7

a different approach is smoothing splines —
put a LOT of knots, and regularize
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Smoothing splines ELM §11.2, SM §10.7.2
e vi=f(xi)+e, i=1,....n

e choose f(-) to solve

y—f(xi)}
mmz{ 2021 202/{}”’ (H)Ydt, A>0

e solution is a cubic spline, with knots at each observed x;
value
see SM Figure 10.18 for a non-regularized solution

¢ has an explicit, finite dimensional solution

o f={f(x1),....f(x))} = I+ AK) "y = Syy as with local
polynomials

e K is a symmetric n x n matrix of rank n — 2

e minimize over all differentiable functions with an absolutely
continuous first derivative
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Multidimensional splines

e so far we are considering just 1 explanatory variable
yi=f(x)+e

thin plate splines smooth two or more inputs
simultaneously, but computational difficulty increases
rapidly

kernel smoothing can handle bivariate inputs as well
ELM §11.7

additive models: yi =fi (xli) +f2(X2i) —+ . —}—ﬁ,(xpi) + €
ELM Ch. 12

binary response: logit(p;) = fi (x1;) + fa(x2:) + - - + £ (xp1)

generalized additive models:
SEO)} = filxi) +fa(xai) + -+ fp (1)
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Wavelets ELM §11.4

e basis functions with very ‘local’ support

o useful for capturing regions of high variation

o useful for data compression — transmit only local
components Fig 11.11
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Figure 11.11 Thresholding and
inverting the transform. In the left
panel all level-four and above
coefficients are zeroed. In the right, the
coefficients are thresholded using the
default method. The true function is
shown as a solid line and the estimate
as a dashed line.



... wavelets

Vidakovi¢ and Mueller, "Wavelets for kids (Part 1)” 1994.
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http://gtwavelet.bme.gatech.edu/wp/kidsA.pdf

Which smoothing method? ELM §11.6

basis functions: natural splines, Fourier, wavelet bases
regularization via cubic smoothing splines
kernel smoothers: locally constant/linear/polynomial
adaptive bandwidth, running medians, running
M-estimates
with very little noise, a small amount of local smoothing
(e.g. nearest neighbours)
with moderate amounts of noise, kernel and spline
methods are effective
with large amounts of noise, parametric methods are more
attractive
“It is not reasonable to claim that any one smoother is
better than the rest”

» loess is robust to outliers, and provides smooth fits

» spline smoothers are more efficient, but potentially sensitive

to outliers
» kernel smoothers are very sensitive to bandwidth
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Shrinkage Methods  Eiements of Statistical Learning, Hastie et al. §3.4

¢ Ridge regression
[
/3ridge = (XTX -+ )\I)_IXTy

e can show that f3,i4,. satisfies
mﬁjn (Z{yi - 60 - Ej;lxijﬁj}z + /\2;21/8]'2>

mﬁjn E{yi—Bo— Zf:lxijﬂj}z st Bf} <t

e Assume x;’s are centered and put these in matrix X (with
no column of 1’s:

min(y —X8)"(y = XB) s [1BIF <t
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... ridge regression

ngn{(y —XB)"(y — XB) + Al|B|I*}

e ) is a tuning parameter: A = 0 gives S5, A — 0o

e inRthe library MASS library (MASS) has aridge
regression version of 1m called 1m.ridge

e if columns of X are nearly linearly dependent
(multicollinearity), 3’s for these columns should be shrunk
towards 0.

e essential that the predictors are all scaled to the same units

e this is difficult for interpretation of the coefficients

2

df(\) = uX(X"X + )X =50
=L+ A

effective number of parameters
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Lasso
mgn (E{yi —Bo— Elexijﬁj}z + )\257:1 ’ﬂj\)

mﬁinz{)’i — Bo — Ef:lxijﬂj}z s.t. S| <1

e quadratic programming problem
e Bl is nonlinear function of y
o Tibshirani (1996), JRSS B and (2011), JRSS B

e http://http:
//www—stat.stanford.edu/~tibs/lasso.html
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http://http://www-stat.stanford.edu/~tibs/lasso.html
http://http://www-stat.stanford.edu/~tibs/lasso.html
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FIGURE 3.10. Profiles of lasso coefficients, as the tuning parameter t is varied.

Coefficients are plotted versus s =t/ 3.7 |35]. A vertical line is drawn at s = 0.36,
the value chosen by erass-validation. Compare Figure 3.8 on page 65; the lasso



... shrinkage

e ridge regression gives “proportional shrinkage”

e subset selection gives “hard thresholding” (some §; — 0)

e lasso gives “soft thresholding”: blend of shrinkage and
zeroing

e elastic net combines lasso and ridge regression

p P
mBiH > = Bo =SB AN DB+ DB

j=1 J=1

e implemented inRin library (glmnet)

e estimates of coefficients are biased (but may have small
mean-squared error)

e Lasso is now used as a variable selection method

e improvements in algorithms allow fast computation even for
p>n
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Prostate data

Ch.3, HTF

> prostate <- read.csv(file="prostate.data",sep="\t")
## data is at http://statweb.stanford.edu/ tibs/ElemStatLearn/datasets/prostate.data

> head (prostate)
lweight age

lcavol
-0.5798185
-0.9942523
-0.5108256
-1.2039728
0.7514161
-1.0498221
lpsa
-0.4307829
-0.1625189
-0.1625189
-0.1625189
0.3715636
0.7654678

oUW N

oUW N

> xp <- scale(prostate[,1:8])

t

2
3
2.
3
3
3

.769459
.319626
691243
.282789
.432373
.228826
rain
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE

> y <- prostatel[,9]
> train <- prostate[,10]
## standardize data;

##

> library (glmnet)
> pr.lasso <- glmnet (xp[train,],y[train])
> pr.lasso2 <- glmnet (xp[train,],y[train],
>

plot (pr.lasso);

.386294
-1.
-1.
-1.
-1.
-1.

lbph svi

386294
386294
386294
386294
386294

coocooo

y is the response

plot (pr.lasso2)

-1.
-1.
-1.
-1.
-1.
-1.

lcp gleason pgg45

386294 6 0
386294 6 0
386294 7 20
386294 6 0
386294 6 0
386294 6 0

(log psa); extract training data

#Lasso
alpha=0) # ridge
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... prostate data

0 2 5 7 7
©
<
<
IS
P -
=4
5] ——
S N -
£ © "
5] _
8 ~
o
S
~
3
T T T T T
0.0 0.5 1.0 15 2.0
L1 Norm 15/25

STA 2201: Applied Statistics Il April 1, 2015



... prostate data
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Coefficients
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Vitamin D again

1015

PubMed Central, Figure 1: Nutsents. 2014 0120, do

utrients

home | his aricle | this journal | instructio

i 10.
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Published online 2014 Oct 20. doi: 10.3390/nu6104472
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The vitamin D dilemma: How much
should we be taking?

LESLIE BECK
Special to The Globe and Mail

Q Published Sunday, Mar. 28 2015, 12:00 PM EDT
Last updated Sunday, Mar. 2% 2015, 12:00 PM EDT
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| g o | True, it was a painful winter. We were stuck in a cocoon of cold {(some of us



... vitamin D Institute of Medicine

INSTITUTE OF MEDICINE  Agvising the nation « improving health
o

THE NATIONAL ACADEMES

. You
¥ Q
= f Win o !
Support the IOM >

How the RDA for Vitamin D Was
Determined

A recent Viewpoint in the Journal of the American
Medical Association written by two committee
members that authored the 2011 |IOM report Dietary
Reference Intakes for Calcium and Vitamin

D reaffirms the committee’s approach for calculating
the daily recommended dietary allowance (RDA) for
vitamin D. More detailed information on the
approach used to establish the RDAs for vitamin D
is available h
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http://www.iom.edu/

Announcement

How the RDA for Vitamin D Was Determined

The Recommended Dietary Alwarce (RDA), by defiiton, mests the requrements of 97.5 percentof e
population. It s set from an Estimated Average Requirement (EAR) that represents an intake amount that
will meet the needs of about 50 percent of the population. The RDA represents an intake amount that is 2
standard deviations above the EAR. What this means for vitamin D is that for most of the population, their
requirements are met by an intake level that will achieve a serum level of the biomarker of vitamin D status,
25(OH)D of 50 nmolL (equal to 20 ng/mL), determined to be equivalent to an RDA level of vitamin D intake
(based on essentially all vitamin D from diet and minimal sunlight exposure), as ilustrated in Figure 1 below.

Figure 1
Serum 25(0H)D
§
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FIGURE 1: of serum 25(O] = ) displays the values linked

wilh the Estmated Average Requirement (EAR) that mets the needs of 50% of the generally healiny popuiations, the
Recommended Dietary Allowance (RDA) that meets the needs of §7.5% f the population and the Tolerable Upper

Level (UL) above which the risk of adverse effe “This Reference using
the mean (95th netta o SD = 20ng/mlonthe basis of
rmalty; (y-axis) indicates the freq the sample. Also

diplayeds the curent cbserved ditbuton of seum 25(OHD cancenirations (—— ) or aduls aged 1970y in
NHANES 2005-2006 (v=3871), For comparison the it the distribuon 0 scevs serum 25(OH)D concentstions
Sbove o ROA toked valos o/ 20 ngimi in 97 .%% of the population shown. Reproduced from Brannon
P, Wayne ST, Mrohy S, Tayor G Viamin D Supplementaton in Afican Amercans: Dose respone. Amercan
Jouima of Clical Nuion 2014;100:82-4 with perhssion flom American Jourmal of Ginial Nutrjon.

In its analysis, the IOM commitee used a mixed-model approach to esnmn(a the dose- relsnnnshlp be«wean
total dietary intake of vitamin D to achieve the desired serum level of 25(OH)D. In its methodology

itermine DRI for viarn D, the IOM committee used an estimated dose-response to inform i udgment

of the intake needed to achieve serum 25(OH)D leiel £ the deaied range. Becaise o imialons ithe

available data, the IOM committee made

600 U daily would meet the RDA based on a serum ZS(OH)D Tove o 50l derved o i eoimaied

dose-response relationship.

In this approach, the Estimated Average Requirement was determined to be equivalent to an intake that
produced a serum level of 40 nmollL (based on essentially all vitamin D from diet and minimal sunlight
exposure). Thus, because this level represents the RDA for dietary vitamin D, the 2 standard deviations has,
in effect, already been added and therefore no additional adjustment is required or appropriate. Using the
distribution to 97.5 percent to assure a low prevalence of inadequacy among the healthy population groups,
e RDA valus was based o an achioved love o 50 nmail (equal to 20 ng/mL). To be clear, the goal is
not, and should not be, e that 97.5% of the population exceeds the serum value linked to the RDA

istribution to a higher level that is associated with increased risk for adverse
STt o Megiated It Ei 1 8 DIl ot 1o actie e RO Kod Souostiation
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Viewpoint | February 19, 2015
Vitamin D Research and Clinical Practice
At a Crossroads [ IEIIMEGELEE

JoAnn E. Manson, MD, DrPH'; Shari S. Bassuk, ScD'
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JAMA. Published online February 19, 2015. doi:10.1001fama.2015.1353 TextSize: A A A

Article | Tables
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Long recognized as important for bone health, vitamin D has attracted recent interest for its possible
nonskeletal benefits. Many primary care clinicians now include blood tests to measure vitamin Iy
concentrations as part of routine laboratory work' and recommend vitamin D supplements, often at high
doses, to their patients for the possible prevention of cancer, cardiovascular disease (CVD), diabetes,
autoimmune disorders, cognitive decline, and other conditions. Thus, screening rates and sales of vitamin
D supplements have increased substantially in recent years.'*

However, clinical enthusiasm for supplemental vitamin D has outpaced available evidence on its
effectiveness and threatens to jeopardize the ability of researchers to conduct randomized trials in *nsual-
risk” populations. Based on its recent systematic reviews of the literature, the US Preventive Services Task
Force (USPSTF) concluded that data are insufficient to recommend vitamin D screening in routine clinical
practice' or to assess the effectiveness and overall balance of benefits and risks of supplemental vitamin D
taken for the primary prevention of cancer and CVD.3 In an earlier review, the Institute of Medicine (I0M)
reached the same conclusion—namely, whether supplemental vitamin D lowers risk of nonskeletal health
outcomes, and what dose might be required to do so, is uncertain.*

Qui:


http://jama.jamanetwork.com/article.aspx?articleid=2165869&resultClick=3

Homeopathy again
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ANDRE PICARD El
We're aiding and abetting
homeopathic quackery
ANDRE PICARD

The Globe and Mail

Published Tuesday, Mar. 31 2015, 5:10 AM EDT
Last updated Tuesday, Mar. 31 2015, 5:14 AM EDT
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On April 1, the Ontario Homeopathy Act comes into force. Sadly, this is not
an April Fool's joke. L

There is ne scientific case for homeopathy. It is undiluted quackery.
International
Business News

STA 2201: AW’"“RMIT 0]'112015 publ\shed more than 100 papers on the sub]ect describes it as follows:
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http://www.theglobeandmail.com/globe-debate/were-aiding-and-abetting-homeopathic-quackery/article23701139/

Australian Government

ational Health and ical Research Council

NHMRC Statement: Statement on Homeopathy

Based on the assessment of the evidence of effectiveness of homeopathy, NHMRC concludes
that there are no health conditions for which there is reliable evidence that homeopathy

is effective.

Homeopathy should not be used to treat health conditions that are chronic, serious, or could
become serious. People who choose homeopathy may put their health at risk if they reject or
delay trentmoms fnr which there is good evndence for safety and effectiveness. People who
are her to use h pathy should first get advice from a registered health
practitioner.* Those who use homeopathy should tell their health practitioner and should keep
taking any prescribed treatments.

The National Health and Medical R h Council exp that the Australian public will be
offered treatments and therapies based on the best available evidence.

Homeopathy

Homeopathy is a type of complementary and alternative medicine. It is based on two main ideas: that
substances that may cause illness or symptoms in a healthy person can, in very small doses, treat those
symptoms in a person who is unwell; and that molecules in highly diluted substances retain a memory
of the original substance.

NHMRC’s methods

The National Health and Medical Research Council (NHMRC) undertook an assessment of the evidence
of the effectiveness of homeopathy for treating health conditions. This assessment was based on:

+ anoverview of published systematic reviews by an independent contractor;

= anindependent evaluation of information provided by homeopathy interest groups and the public; and
* consideration of clinical practice guidelines and government reports on homeopathy published in
other countries.

The assessment of the evidence used standardised, accepted methods for assessing the quality and
reliability of evidence for whether or not a therapy is effective for treating health conditions.



https://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/cam02_nhmrc_statement_homeopathy.pdf

